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1 Title: COOLANT PUMP FOR AUTOMOTIVE USE 
2 

3 This invention relates to coolant pumps for outomotiv© InternaJ-combusiion engines. The invention Is aimed at 

4 prodding a coolant pump which delivers flow characteristics in accordance with engine demand. 

5 
6 

7 BACKGROUND TO THE INVENTION 
8 

9 Pumps for Internal-combustion engine cooling systems have ti^dltlonalfy been belt-drivan. at a fixed ratio. 

10 directly from the engine. 
11 

12 The coolant flow rate and pressure head required to effectively control the engine temperature are not. 

13 however, optimal when driven proportionally to the engine*s rotational speed. The coolant system has to cope 

14 Willi the fully-laden vehicle struggling up-hill on a hot day. and the same system has to make sure the heater 

15 warms up rapidly In very cold conditions. Also» for efficiency, the energy consumed by the coolant pump 
IS ideally should at all times be only the minimum needed to just achieve the optimum temperature in the 

17 coolant Whatever coolant olrculation system is used, it must of course cater for the extremes; in the case of 

ie the traditional belMrlven coolant pumps, the need to cat^r for the extremes so oompromises the efficiency of 

19 nomnal running that tradHIondl coolant pumps are Inherently non-optimal for most of their operating conditions. 

20 

21 The optimum coolant temperature Is dictated by considerations of engine performance, fuel efficiency, exhaust 

Z2 emissions, etc. The coolant circulation system must provide a volumetric flow rate, and a pressure head, such 

23 that the coolant Is coded down (or warmed up) to the con-ect temperature under the extreme conditions. ThG 

24 invention Is aimed at making it possible still to accommodate the extremes, and yet to improve the effidency of 
26 the coolant circulation system during nomnal mnning, so that the system consumes only a minimum of energy 
23 during normal njnning. 

^ When the poolant pump provides excessive flow and head, the engine wastes power and the overall engine 

29 efficiency is reduced. 

30 
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When the coolant pump pro^^des insuffident coolant flow and head, the engine njns too hot, thereby reducing 
engine performance/ and perhaps damaging the engfne. 

Engine designers have not, in general, switched to driving coolant pumps by nneans of electric motore. This 
fact should be >newed in light of the fact that it Is very common for a de^gner to specify that the engine's 
cooling fan to be driven by an electric motor. There, the motor runs at constant speed, and Is controlled 
simply by t>elng switched ortfoff: the need for switching is signalled by a simple electrical then-nostat That is a 
simple enough duty requirement for an eleotrio motor to be subjected to. 

It is recognised, however, that a simple on/off control would be far too crude for controlling the flow of coolant 
Even under the minimum coolant flow conditions, the coolant must still be pumped and circulated quite 
>Agorously. 

It might be considered that if an electrically-driven coolant pump were to be provided, it would be possible to 
control the coolant flow by controlling the rotational speed of the electric motor. Theoretically, this could be 
done by varying the electric current supplied to the motor that drives the coolant pump. However, such 
control pf the motor speed by control of the motor current has not found favour with engine designer's. 

Thus, in considering the use of an electric rhotor to drive the coolant pump, it is apparent, first, that simple 
thermostatic on/off switching of a pump motor is out of the quesfloa and second, trying to control nrrator- 
speed by controlling the current supplied to the electric motor has not found favour. And. even as a last 
resort, the notion of controlling coolant-flow by means of coupling the pump to a fixed speed motor by means 
of a mechanical variable speed drive, must be contra-indicated out as being far too elaborate; also, as 
mentioned* it is Important that the pump, as well as the motor, should run at constant speed. 

The Invention is aimed at making it possible to vary the coolant flow to suit many different oondttions, in a way 
which allows the pump (and hence the motoi) to am at constant speed. 

GENERAU PRINCIPLES OF THE INVENTION 

The design conflgurations ee will be described herein employ variable pitch guide vanes to affect the velocity, 
How rme, pressure head, etc. of the coolant. The gidde vanes are located adjacent to the impeller off tlie 
coolant pump, In the flow of coolant as it passes through the pump. The vanes are operated in response to a 
temperature signal corresponding to the actual cooling demand of the engine. The guide vanes sen/e to boost 
or to reduce the flow of coolant through the impeller, the change between boost and reduce being effected aa 
a consequence of a change In th? positional orientation of the vane in relation to the Impeller of the pump. 
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The heat rejection demar^d is made dependent upon the temperature of the system, not engine speed. The 
system temperature might, for example. t?e taken as the temperature of the cooling fluid, or the temporature of 
a particular location on a machine, such as near the exhaust valves on the cylinder heads of an iniernal 
combustion engine. The system temperature may be transduced into a mechanical displacement which 
aiflusts the pitch of a set of the guide vane3. which are preferably located just upstream of the impeller. When 
the system temperature is high, the thermostatic transducer adjusts the ^es such that the impeller pump 
provides a high coolant flow rate; when the system temperature is low the vanes ere adjusted to provide a 



8 lower coolant flow rate. 
9 



It Should be noted that in an Internal combustion engine., ft is required that the coolant flow be malntelned at 
all times during operation of the engine. The minimum flow demand is still a substantial ftow. The engine 
would overheat In a few seconds if flow were actually to stop. Thus. It will be understood that the flow rate 
being controlled is just the upper fraction of the ma?(lmum flow rate - an area of flow in which It Is notoriously 
difffcuit for a designer to achieve a desired degree of linearity of control. It Is recognised that controHing just 
the upper firacllori of the flow rate is not only easy with the variable pitch vanes, but. when the vanes ere 
move* the change in flow rate Is not too from being more or less linearly proportional to the movement of 
the vane. This means that simple automotive wax-type themiostats can be used directly, since they too have a 
18 more or less linear temperature /movement eharacterlstio. 
19 

The use of variable pitch guide vanes combined with a modern highspeed impeller produces increased 
hydrodynamio flow efficiency over a wide range of flow rates, and provides capabifity to reduce the flow rate 
When the demand decreases. In contrast to a conventional direct drive impeller pump which f^equentV 
provides excessive coolant flow and uses excessive power, the temperature^esponsive variable vane system 
as described herein, can provide precisely the correct amount of coolant flow to maintain optimum system 
25 op0r9l9n0 temperatures, while consuming less power. 

28 

This pump's variable hydrodynamio ftow /pressure capability, even though driven at a reasonably constant 
speed, provides thermal controllability while eliminating the need for a variable or multiple speed electrical 
motor. Increased hydrodynamic flow ^mdienoy combined with the use of small high-speed motors can result 
in the overall pump package being small, lightveight. efficient and easy to integrate wiWn a given cooling 
ai system's special constraints. 

32 

T^e themiostatic signal can be transduced directly into a mechanical displacement of the guide vanes, for 
Simple systems. For more sophisticated systems, a themial signal can be processed by the engine 

management system which then controls an electrically^ctivated displacement mechanism to adjust the guide 
vanes. 
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OETAIteO DESCRIPTION OF PREFERReO EMBODIMENTS 

By way of fOnher ^lanatlon of the Invention, exemplary embodiments of the invention will now be described 
with reference to the accompanying drawings. In vy^Ich: 

Fig 1 is a pictorial cross-section of a water pump which embodies the invention; 

Fig 2 is a pictorial exploded view of the components of a water pump for an automotive engine, which 

embodies the invention; 
Fig 2a is a close-up of an impeller of the pump; 

Fig 3 is a pidorial view in dose up of the assembled components of the pump of Fig 2; 

Rg 4 is a diagrammatic crcss-seotioned side view of seme of the components of the pump of Rg 2; 

Fig 5 ts an end elevation of some of the components of the purnp of Rg 2; 

Rg e is cross-sectton of another water pump which emt>odIes the invention; 

Fig 7 Is a cross-section on line A-A of Fig 6; 

Rg e is a pictorial View of some of the components of the pump of Tig 6; 
ilg 9 is a cross-^section of another water pump which embodies the invention; 
Rg 1 0 Is a plan view of some of ihe components of the pump of Fig 9; 
Fig 11 is a graph showing a comparison of power consumption characteristics; 
Rg 12 is a graph showing a flow rate comparison. 

Fig 13a is a sectioned plan view of a coolant pump lor an autonnotlve vehicle, the section 
being taken at the ievel of the swirl-vanes, showing Inlet ports for conveying coolant 
Into the pump from the radiator and from the engine/heater of the vehicle; 

Fig 13b is a section aA the level of the impeller rotor, showing the outlet port for conveying 
coolant from the pump, back into the engine; 

Fig 13c is a section at the level of a thermostat actuator. 

Fig 14 Is a composite of the Figs 13a,13b.13c, but shows swirl-vanes of the pump at a 

different orientation. 
Pig 15a Is a section of view of another coolant pump; 

Fig 15b is the sanne section as Rg 15a, but shows the pump In a different condition; 
Fig 15c is the same section as Fig 15a, but shows the pump in another different condition. 
Fig 16 is a block diagram showing some of the components of a typical coolant circulation 
system. 

Fig 17 is a cross-sectioned elevation of the coolant pump of Figs 13a,13b,1Sc,14. 
Fig 18a is a portion of a view similar to Fig 17 of another pump: 



5 

1 Ffg 18b l3 the same view as Rg 18a, but illustrates a different condition. 

z Fig 19 Id a oross-seotion of another coolant pump. 

d Rg 20 Is a pictorial partly-sectioned view of the pump of Fig 1 9. 

4 Fig 21a is a diagram illustratirig an operating condition of a coolant pump similar to tlmt 

3 shown In Fig 19; 

6 Rg 21b is the same diagram as Fig 21a, except that the pump is in a different operating 

7 condition; 

6 Fig 21c is the same diagram as Fig 21a, except that the pump Is in another different 

9 operating condition. 

10 Fig 22 Is a diagram illustrating the manner of interaction of some of the constructional 

11 features of pumps that embody the invention. 

12 Fig 23 is a graph showing a mode of opemtlon of a thermostat unit that is suitable for use 

13 in the invention. 

14 Fig 24 is a Table showing some of the ope/ating conditions of a vehicle, and the 
• 16 responsive conditions of the coolant pump. 

15 . • 

17 The apparatuses shown in the accompanying drawings and described below are examples wNoh embody the 

18 invention. It siiould be noted that the scope of the invention is detined by the accompanying claims, and not 

19 nedessarity by specific features of memplary embodiments. , 

20 

21 As shown in Fig 1 . the motor 1 runs at a high speed, driving the impeiter 2. A lip-sea) 3 around Ae motor 

22 sha/t seals the motor-pump Interface betuveen the motor 1 end the pump hou^ng 10. The circular anay of 

23 adjustable guide vanes 4 direct fluid How from the fluid Net passageway S onto the impeller 2. The Impeller 2 

24 then forces the fluid against the pump housing 1 0 towards the fluid outlet passageway 9. 

25 

28 The adjuslable guide vanes 4 impart a variable degree of spin on the fluid flow depending on their angular 

27 displacement The variable fluid flow spin ranges from negaOvs to positive relative to the blades of the impeller 

28 2. The degree of spin depends on the amount of angular displacement of the adSustabte guide vanes 4. The 

29 angular displacement of the guide vanes corresponds to the amount of displacement of the guide vane linkage 
so ring assembly 5. The guide vane linkage ring assembly 5 Is displaced by the connected thermostatic element 

31 e. Changes of temperature cause the thermostatic element 6 to expand or contract thus giving a 

32 oon'espondlng displacement. A spring forces the thermostatic element 6 to return to its position of minimal 
3a displacement relaiive to its expanslon^displacement force. 

34 

3S Figs 2-5 show an eleotrlcally driven water-pump that embodies the invention. The electric motor 20 Is of tlie 
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1 high spoed (10.000 rpm or more) type, and typIcaHy draws a current, during normal operation, of between 

a about 10 and 20 amps (at 12 volts). The body of the motor Is bolted to a mounting plate 23. The shaft 26 of 

3 the motor is seoured to a rotary impeller 27. The Impelier 27 is shown in Fi^ 2a, and is constructed preferably 

4 as a plastio or metal moulding. 

5 

6 the impeller 27 is placed in the path of coolant water flov^dng from the engine block via entry-passage 29. 

7 Water passing through the nuipeller is channelled away via exit-passage 30 (and thenoe passes to the radiator, 
a etc). 

9 

10 Before reaching the impeller 27, water entering the impeller 27 first encounters a sot of movable vanes 32, 

11 The designer provides thai the vanes might be inclined in a sense whereby the vanes induce a rotary swirling 

12 motion into the water flow.as the water flow enters the impeller. The vanes might be inclined In a first sense 

13 such that the sNAnrBng Induced by the inclined vanes is in the same sense as, and reinforces, the rotary swirling 

14 produced by the impeller itself: or, the vanes mighit t>e inclined In the opposite sense, in which case the 

15 svwrting Induced by the vanes serves to oppose the swirling produced by the impeller. 
16 

17 By controlling the Inclination of the blades, the output characteristics of the pump impeller can be controlled, in 

IS a smoothly progressive manner, and white the electric n\otor keeps the Impeller rotating at more or less 

19 constant speed. 
20 

21 The inclination of the vanes Is controlled by means of a themiostat 34, as will now be described. 

22 

23 Each vane 32 is secured to a respective vane-shaft 36, which is guided for rotation in a respective radiatly- 

24 disposed bore 38 in a fi)ced base plate 40. The outer end of each vane^haft 36 oanries q respective lever 43. 

25 by means of which the shaft 36. and the vane 32> may be rotated. 
m 

27 The shafl-Ievers 43 are caused to rotate by the action of a rotor-ring 45, The rotor-ring 45 is mounted for 

20 rotation on the fixed base«plate 40. In fact, the rotor^ring is sandwiched between the fixed baso-plate 40 and a 

29 fixed oover^tate 47. The two fixed plates 40.47 are bolted (at 46) to the mounting plate 23< The plates 40,47 

30 are held apart by spacers 44, and the rotor-ring 45, which lies between the fooed plates, is movable relative 

31 thereto. The rott>r-ring 45 Is biassed in the anti-ctockWise sense by means of springs 46. 
32 

33 The rotor-ring 45 Is provided with notches 49, one for each of the shaft-levers 43 (five In this case). When the 

34 rotor-ring rotates, the five shaft-levers are dragged around and made to rotate their respective shafts 36 in 

36 unison with each other. 

3S 

37 The rotor-ring 45 is caused to rotate by movement of the stem 50 of a thermostat 52. The distance tiie stem 
33 50 protrudes from the body of the thenmostat is proportional to the temperature of the water flowing over the 
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1 bod/. Tho rotor-ring 45 thus rotates through an angle which is proportional to the temperature of th^ wat®r, 

2 and similarly, the movable vanes 32 thereby He at an angle of Inclination wWch is proportional to the 
6 temperature of the water* 

4 . 

B The thermostat 62 is of the type which contains an expandable body of wax. Such thennostats ore readily 

6 available in a body size around 13 mm diameter, where the stem moves through appro5dmateIy an 8 mm 

7 working stroke, between hot and cold. The movement of the stem Is more or less proportional to the 

8 temperature, ovar the worWng stroke. 

9 

10 The thermostat is arranged to move the movable vanes 32. In this case, from an angle of about 60 degrees of 

1 1 wsth-the-fmpeller bias to an angle of about 25 degrees agalnst-the-lmpeller bias. With^e-impeller bias is used 

12 to reduce the operation of the pump, whereby the pump delivers a smaller vohinnetrlo flow, and uses a smaller 

13 input energy; this is of i^e when the coolant is at cooler temperatures. Agalnst-the-lmpsller bias Is used to 

14 boost the flow of water through the pump impeller, which Is of use whan the water Is starting to overheat 

IS 

le The electric motor runs oontinuously wNle ih& engine is running, even when the engine coolant flow is at a 

17 minimum. Of course, the minimum coolant circulation flow is, and must be, a substantial flow: if iho flow were 

w ailovired to approach zero flow conditions, the engine would quickly overheat. 

19 

20 in fact, one of the reasons a movable-vane system, as described. Is so advantageous, is that tho movable* 

21 vanes, even at tho position where the flow is reduced to tho maximum extent still do permit a substantial flow. 

22 in the movable-vane system, the required flow adjustment is between two extremes of flow where even the 

23 lowest required flow is a long way from the zero fk>w condition. The movable-vanes system may be regarded 

24 as making it possible to make fine-tuning adjustments to what Is a relatively large flow, in a refined and 

26 controllable manner, as distinct from switching a flow between on and off. Generally, It Is regarded as quito 

25 demanding to obtain good linear control of a flow from, say. 60% of maximum, upwards. The movablo-vano 

27 system does give excellent control and linearity over that range. It is recognised that this Is just the 

28 characteristic tiiat required in an automotive water pump. 
28 

30 The mounting plate 23 includes cooling air passages, whereby tho flow of cooling air over the motor is 

31 maximised, which Is advisable in the case of a contlnuously-mnning motor. The flow of water emerging from 

32 th6 impeller passes radially outwards into the chamber 54. The mounting plate 23 includes fixed spacers 56. 
S3 which provide space for the coolant to flow around and out of die passage 60. 

34 

35 The rnotor-shaft 25 carries a seel 56. The seal 56 must be designed for high shaft speeds: however, because 

3e tho Shalt diameter Is small (e.g 5 mm) the nibbing speed of the shaft on the sea! is small, and In fact the seal 

37 56 can be expected to have an adequate service Ofe (as that expression is used in relation to automotive 

68 seals). The designer may prefer to provide a mechanical (nibbing) seal in place of the lip seali if problems 



34 
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1 wHh lip-seals are feared. Another altemativg is TO provide ft rnagnetic drive coupling from the electric motor to 
8 the impeller. Magnetic-drive oouprmgs. which avoid the need for seals, are commonly awailabte. and are not 
3 e;q3ensive. in the size of drive herein described. 
4 

Fig e shows another ^pe of vwater pump, wrtifeh embocBes the invention. In this case, water from the engfrie 
entere the pump at port 60. and leaves through port 63. The Incoming vwater flows around an annular passage 
6S ff=ig 7). The etectrfc motor 87 driving the Impeller 69 is located internally of the annular passage 68. 



The vanes induce a degree of rotary svwr ling motion of the water passing through the annirtar passage 65, as 

10 the water approaches the rotating impeller 69 (upwards In Rg 6). The water flow can be biassed to swirt 

It clockwise or anticlockwise in the annular passage 65. depending on the orientation of movable vanes 70. As 

12 . shown In Fig 7. the vanes ere inclined to the left, whereby the water flow b biassed clockwise. Row through 

18 the impeirer 69. with the electric motor 67 set in the normal rotational sense, will be enhanced by a clockwise- 

14 biassed waxer flow. Inclining the vanes 70 to the right (Fig 7) would reduce the water flow through the 

15 Impeller, for a given speed of the motor. Again, even when the flow Is reduced to a maximum extent, the flow 

16 Is still substantial. The thermostat 72 senses the temperature of the flowlna water, end acfiusts the angle of the 

17 vanes 70 accordingly- 
10 

19 Rg 8 Shows how the thermostat 72 Is configured so as to control the angular movement of the movable vane 
«o 70. The other vanes are linked by suitable connecting rods. 

art 
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The Pa e structure Is suitable for fitment, as an insert, into the hoses wWch convey water on an automotive 
engine. As such, the unit may be fitted as a repair to a vehicle with a damaged water pump of the traditional 
beimiWen type. AlternaUvely. the Fig 8 configuration may be incorporated as an OEM water pump. 

Figs 9.10 show another water pump which embodies the invention. The thermostat 89 acts upon a rotatable 
ring 90, in which ore carried several movable vanes 82. mounted on spindles. The vane spindles lerniinate in 
respective tags 94. whioh engage corresponding 3tots 96 In the pump housing 98. Movement of the 
thermostat stem Is effective to drag the ring around, end cftuse the vanes to rotate to a new orientation. 

In some cases, the vanes are positioned in the flow of water leaving, rather than entering, the impeller. This 
gives a somewhat different characteristic of speed/ motor-ourrenV pressure/ flow-rate/ efficiency/ etc. but one 



33 vwhich may be ntwre appropriate in some circumstances. 



ss In the graph of Rg 1 1 . ourve 120 shows the estimated power consumption of a typical convenfional fixed-ratio. 

36 engine-driven coolant pump system, with the engine thennostat open. Curve 123 shows the estimated power 

37 consumption of a movaDle-vane. electric-motor driven pump system, of the type as described herein, in which 
83 the coolant flow-iate i$ boosted by the vanes. Curve 125 is of the same thing. In which the flow rate is 
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I reduced by the' vanes. The new system can provide a constant coolant flow rale, Independent of engino 

a speedi even down to zero engine speed: in the new system, the flow rate changes In response to a change in 

3 temperature of the coolant, and the new system is arranged lo increase or reduce the flow-rate of the coolant 

4 as ttie temperature goes up or down. • 

e . 

6 Fig 1 2 is another graph showing an estimation of the Improvement of the new pump system over a 

7 conventional system, 
s 

9 Some further benefits of the coolant flow control s^tems as described herein will now be described. 
fO 

II 1 . Improved control of engine temperature. Most conventional engine driven systems rely on fan^airflow 

12 modulation of the airflow across the radiator to maintain engine coolant temperature within a specified 

13 operating range. Controlling the temperature within tight limits allows overall engine efficiency to be Improved. 

14 Minimizing the temperature operating range is a design objective because of the inherent engine perfonnanoe 

15 beneflts associated with operation at optimal temperatures* such as better combustion etc. Also, the tighter 

16 control of coolant temperature by the new pump system may be expected to lead to a reduced need for 

17 modulation from the feun. 
ie 

19 2. Coolant pump efficiency. The amount of energy spent on cooling, aggregated over the entire operating 

20 range, is considerably reduced, 
ai 

2k 3. Improved heater peifomnanoe. At idle, conventional engine-driven pumps commonly deliver Insufficient 

23 coolant to the heater-core resulting in poor cabin heater performance. The new system can be designed to 

24 have a minimum flow*rate tuned for a given system reslstance and higher flow trough the heater core to 

25 boost oabin heater performance during warm^jp. 

27 4. After^un cooling capability. An electrically driven pump, as depicted herein, can be switched to provide 

28 after-run cooling. After-run cooling occurs w^en the engine Is shut down and therefore cooling cannot be 

29 provided by means of an engine-driven pump. A simple thermal switch similar to that used for the switohing 

30 off a conventiona! cooling fan could be employed here. After shutdown, when engine-driven pumps no longer 

31 function, conventional engines sometimes experience a large temperature rise referred to as after-boil, even 
3a though the electric cooling fan may still be running, to cool the radjalon the residual heat Is present in the 

33 engine btook and head, not in the radiator. Bcces^ve after-boil can cause premature deteriorcition of 

34 components and fluids. Some engines have even had special electric coolant pumps fitted. In addition to the 

35 conventional bolt-driven coolant pump, just to keep the coolant circulating for a few minutes after the engine 
30 stops. Similarly, if an engine is fitted with a cold weather pre-heater to warm the engine prior to starting, an 
37 electric pump is advantageous in that it can be switched on to circulate the coolant prior to starting. 

3a 
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5. Cost advantages. A conventional water pump requires a belt drive, robust fc>eartn9s, and generalf/ an 
elaborate and costly fnfraetruoture, eJthough the pump itself is quite cheap. Also, the conventional system is 
labour-intensive on the assembly line.' The present system, as a pre-manufoctured self-contained unit, Is 
simply bolted onto the engine block, and requires virtually no other assembly-Jine worlc. The unit also is lighter 
in weight overall than the belt-driven unit. A high-speed. low^-torque drive (which are the characteristics that 
lead to lightness) is simple with an eleotric motor drive, but not possible vinth a belt drive. 

6. Versatifity. A conventional water pump is restricted as to its mounting position and manner of driving. Ihe 
new pumping system may be configured to be Installed by bolting it to the engine block, or the unit may be 
configured to be inserted into the plumbing arrangements of the engine. The motor driving the new system 
preferably is constant^peed. as described; all the variation in flow being derived from varying the orientaton of 
the vanee. But the system could be configured to utiGse a two-speed or multi^peed motor, or even a 
steplessly-variable^peed motor if the needed sopKsticated controls are included. 

7. Range of operation. Typically, an automotive engine requires the coolant flow to vary between about 10 
and 30 gallons a minute. The system as described can provide that level of flow, and that variation in the level 
of flow, in an inexpensive, self-contained unit 

8. Reliability. The system as described herein is intended to replace the belt driven coolant pump, not to 
supplement it Modem electric motors, even highspeed designs, are very reliable. By contrast, a 
conventional belt-driven water pump, in order to reach its present state of acceptable reliability ff,e reliability in 
the very demanding automotive sense), has had to be over-engineered to a considerable degree. Of course^, 
electricol components can faili and a failed water pump can qUickly lead to engine damage. But the outcome 
of a reOabilily comparison between an electrical component that runs at more or less constant apeed. and a • 
mechanical belt drive, Is all too clear. Wax-type thermostats are <^eap, and very reliable. In the oase whero 
the vane orientation Is operated by an electronic engine-management system. It is noted that such systams are 
becoming increasingly reliable, and the systems as described herein are able to take advantage of that (which 
a mechanical belt-drive is not). 

In this speoificatipn, It has been suggested that the electric motor may run at constant speed. However, this is 
not to say that a real, practical motor, does indeed operate at constant speed. Rather the emphasis is that the 
invention provides a means for controlling the fk>w of coolant, wherein the flow Is controlled by a moans other 
than by controlling the speed of the pump. That is to say, the motor and the pump are enabled to run at 
constant speed, and still the flow rate of the coolant can be varied. Whether or not the speed of the motor 
actually Is constant depends on the characteristics of the motor. Tlie conventional typo of 12-voli DC motor 
currently In widespread use for operating accessories on automobiles is suitable. 



Also, in this speolflcation, the relationship of flow-rate vs temperature, and the linearity of the components of 
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the reiailonship, has been described as ttnew this Is expressed substantively, not absohiuly. For exampte: e 
wax-typo thennoetat has only an approjdmately linear relationship between temperature change and dtetance 
moved. Slmiteriy. in the pump, the relationship of the coolant flow rate to the change in angular orientation of 
the vanes, is more a raised-power relationship, rather than linear. However, the relationships are described as 
more or less linear in the context of. for example, a conventional flow-controlling butterfly valve, which is so 



6 grossly nonlinear that automatic control of the flow-rato Is barely contemplatable. 



fOOiJ The teniperaturo-cofitrolled svrfri vanes technology, as described above, vwB eUmed at 
optimising the coolant circulation flowrate to the needs of the engine, while minimising the power 
needed to drive the coolant circulation pump. Optimising coolant circulation flow-mtes is 
important in l<eeplng particularly the engine oit at optimum temperatures, which is impoitantfor 
Vehicle fuel economy- 

[002J It will now be described that the temperature-controlled swirl vanes technology may be 
combined with the requirement an engine has for thermpstat control of coolant flow to the 
radiator. Traditionally, automotive engines have Included a (mechanical) thermostat, tor managing 
coolant temperature by controlling flow to the radiator. Basically, the thermostat cuts off or 
reduces flow to the radiator when the coolant is below a certain temperature, and only allows full 
flow to the radiatdr when the coolant has vwanned up. 

[003] In the automotive embodiments described above, ft was arranged «iat the temperature- 
controlled swfrt vanes were provided as a structurally separate component of the vehicle, from the 
wann-up thennostat. Altematively. as will now be described, both the function of modulating the 
coolant flow rate in accordance with coolant temperature (using themiostatioally controlled swirl- 
vanes), and the function of routing the coolant flow either Into or not Into the radiator in 
accordance vw'th coolant temperature (using a thermostat), can be provided in a common 
structure. 



[004] Figs 13a.13b.13c.l4 show a coolant circulation pump mechanism 230 in which a roiaUng 
vanes-ring 232 carries a set of swirl-vanes 234. In this pump, coolant enters the impeller 236 lixim 
two sources, being the radiator-port 237 and the heater-port 238. The flow from the ports 237.238 
passes through the swrfrl-vanes 234. before entering the blades of the Impeller 236. 
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[005] The swirl-vanes 234 are carried on the vanes-ring 232, which may be compared with the 
ring 45 of Figs 2*5. The vanes-rIng 232 is rotatable, its orientation being under the control of a 
thermostat unrt 235* (In altemative embodiments, other types of thermally^controlled actuator may 
be used in place of the thermostat 236.) 

(006] A drive-pin 239 connects the stem of the thermc^tat with the vanes-ring 232. When the 
stem moves, tiie drive pin 239 causes the vanes-ring 232 to rotate In a movement that 
corresponds to, and is In unison with, the movement of the stem^ The swirl-vanes 234 are carried 
fn respective pivots mounted in the housing of the pump, whereby the rotation of the vanes-ring 

232 causes the angle or orientation of the swiri-vanes to change. 

< ... 

[007] Rg 14 shows the components of the pump 230 in the cold position, being the position 
they adopt white the coolant entering the pump through the heater port 238 Is cold (i,o not yet 
warmed up). In this coud position, coolant cannot pass from the radiator port 237 Into the 
impeller, becasue the swiri-vanes 234 lie orientated to a closed position. 

[008] Rgs 15a,15b,15c show a modified arrangement, having just a single swiri-vane 240. Here, 
when the coolant is cold, the swlrt-vane 240 blocks coolant from the radiator-port from reaching 
the impeller. When the coolant is warmed up (Fig 15b). coolant can enter the impeller from both 
ports. 

[009] It may be appropriate, in some coolant systems, for the designer to arrange for the input 
from the engine/heater to be completely blocked, and this can be done if required (Rg 15c}. It 
will be noted that in Rg iSa* when the coolant is coldi the swiri-vane is directing the flow from the 
engine/heater against the direction of rotation of the impeller, whidi boosts the flow; whereas the 
flow from the radiator (Figs 15b, 15c) is directed in the same rotational sense as the impeller, 
which reduces the flow-boost In that case. 

[0010] In Rgs 15a,15b,15c the swirl-vane 240 is driven to rotate, not directly by a thermostat 
element, but by an eleclric-motor/gearbox arrangement 241. The motor Is a stepper-motor, and 
Its rotational position Is controlled by signals from a temperature sensor located at a suitable point 
in the coolant circuit, which may be mechanically separate from the motor/gearbox 241. It should 
be understood that the motor/gearbox arrangement used in Figs 15a,15b,16c, with its separate 
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temperaUjr© sensor, could be used In place of the mechanical thermostat unit of 

Rgs 13a»13b,1 30,14, and vice versa, A thermostat (which combines thermal sensor and actuator 

In one mechanical ufilt) is not so sophisticated and versatile as to its functionality, but is more 

economical. 

[0D11] In Hgs 13a,13bJ3c»14 and m Rgs I5a,15b,15c the Illustrated staictures provide 
mechanical coordination between the swIrl-vanes orientation mechanism, Including the vanes- 
rings 232, and the valve-member orientation mechanism, including the diive-pin 239 or the 
motor/gearbox 241. 

[0012J The cooling system of which the pump of Rgs 13a,13b,13c,14 is a component is of the 
type In which coolant circulates at all times through the heater (Rg 16). (In other typos of cooling 
system, flow may be sometimes, in operation, diverted to by-pass the heater.) In Fig 16, the 
impeller of the pump P is driven e.g by means o1 a geared drive, or by means of a belt drive 241, 
directly from the engine E. In Rg 16, when the coolant is warmed up, the coolant circulates 
around the radiator R; when the coolant is cold, coolant cannot circulate around the radiator R, 
because the swirl-vanes 234 In the pump P lie In their closed position, thus closing off tlie 
radiator-port 237. The temperature-sensing bulb in the thermostat 235 is positioned appropriately 
to measure the temperature of the coolant coming from the engine E (via the heater H) Just before 
the coolant enters the pump P. As shown in Rg 13c, there is a passage 248 between the heater 
port 238 and the bulb, whereby the bulb is flooded with incoming coolant 

[0013] it wilt be noted, of course, that the separate thermostat valve, which automotive engines 
usually have, has been eliminated in the circuit of Rg 16. 

[0014] There are many different configurations of the components of automotive cooling systems, 
and the designer will arrange the pump inlets/outlets to suit. That is to say: linking the radiator 
shut-off themial control with the swirl-vanes ttiermal control, as described, might or will require 
drfterent conliguratfons with different engine systems. 



(0016] In Rg 13a, the swirl-vanes are in their hot position - the coolant having warmed up - 
whereby coolant enters the coolant circulation pump 230 both from the heater-port 238 and from 
the radiator port 237. The mouths of the ports 237,238 are an'anged such that water passing into 
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the pump from the heater-port 238 passes straight into the impeller, whereas water from the 
radiator-port 837 passes through the swirl-vanes 234. 

fOOiej When the coolant passing through the pump 230 is cold. i.e has not yet warmed up. it is 
desired that the radiator be closed off from the circulating coolant This is shown In Rg 14. where 
flow from the radiator Is blocked off. in that the swirl-vanes 234 lie orientated In such position as 
to block flow from the radiator port 237. i.e to prevent water from the radiator from passing 
through to the Impeller 236. The swirl-vanes have been driven to this position by the themiostat 
235 which, in Rg 14, is in its fully-retracted. cold, condition. Thus, when the coolant Is cold, the 
coolant passing through the pump, and entering the engine, comprises only coolant that has just 
come from the engine, vfa the heater, ooolant from the radiator cannot enter the pump, and 
cannot enter the engine, because the vanes 234 are closed. 

[00171 As the coolant circulating around the engine warms up. so the thonnostat bulb expands, 
which drives the vanes-ring 232 In an anti-clockwise direction, causing the vanes 234 to open. 
Now. ooolant from the radiator can pass through to the impeller 236. 

[001 6] After that, once the ooolant has wanned up. the temperature of th© coolant varies in 
accordance with driving conditions, vehicle loading, ambient temperature, etc; as the ooolant 
becomes hotter, or becomes less hot. the swirl-vanes vary as to their orientation, in accordance 
with the coolant temperature, in the manner as previously described. Again, the designer should 
arrange that, once the ooolant is up to normal mnning temperature, the angle the swirt-vanes 234 
adopt when the coolant Is at Its hottest gives the greatest boost to the flowrate. whereas the angle 
th© vanes adopt when the ooolant is at the cooler end of its range of normal-running temperatures 
gives the greatest reduction (or, it may be teamed, gives the smallest boost) to the nonrjal-ninning 
flowrate. TVi^cally, the minimum normal-running flowrate may be of the order of half the 
maximum normal-running flowrate, or less, at a typical pump speed and operatlr^g condition. In 
Rgs 13a.i3b,13c.l4, the impeller 136 rotates in an antl-clockwise direction, whereby the above 
manner of operation obtains. 

[0019] Fig 17 is a cross-seotlon of the pump 230 of Figs 13a.13b.13c.14. The pump Impeller 236 
is driven, in this case, by means of a drive belt from the engine, which operates on a drive-puDey 
243. Thus, the speed of the pump varies in direct proporOon to the speed of the engine. Driving 
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tho coolant pump from the engine^ although that is a traditional and very common technotogy, 
poses the problem that at low engine speeds the pump output (i.e the litres per minute of coolant 
flow produced by the pump) is not enough to remove all the heat that the engine puts Into the 
coolant; and equally, at high engine speedSi the tlowrate is much larger than required, which 
results In engine power being wasted, and Indirectly in that the cooling system has to be 
engineered to cope with the high fiowrates and/or pressures. The designer is thus faced with a 
compromise, in that the impeller has to produce an adequate flowrate at low pump speeds, and 
yet must cope with the excessive fiowrates and pressures associated with high pump speeds. 

[0020] One approach to easing this compromise is to provide the impeller with tvyo sets of 
blades, and to engineer the impeller such that at lew speeds (i.e low fiowrates) both sets of 
blades are available to pump the coolant, whereas at high pump speeds (i.e high fiowmtes) one 
of the sets of blades is by-passed. The pump impeller 236 has two sets of blades, with the effect 
as shown in Figs 18a.18b. 

(0021] The impeller 236 includes a set of primary blades 244 and a set of secondary blades 245- 
When the pump drive speed is low, and the flowrate is low, the coolant passes axially through the 
primary blades 244: the pumped liquid ^en changes direction, and passes around the 
promontory 246, and thence passes into the entrances of the secondary blades 245, and then 
radially through the secondary blades (Fig 18a). 

[0022] On the other hand, when the Impeller speed is high, the flow f^om the primary blades 244 
now has so much axlal'^veloclty momentum that the coolant tends to by-pass the entrances of the 
secondary blades 245 (Fig 18b). Thus, the secondary blades become starved of liquid. 

[0023] The secondary blades 246 are radial, whereby the pressure differential between tho 
entrances and the exits of the blades 245 Is created by centrifugal force, and can be quite 
eubetanfial. Thus, provided the liquid near the promontory 246 is moving slowly, the liquid is 
drawn, quite strongly, into the secondary blades 245. It Is recognised that the flow route or 
pathway around the promontory 246 can be made so tortuous that, as mentioned, only a small 
proportion of the axial flow emerging from the primary blades 244 reaches the secondary blades 
245. 
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I0024J Thu«, ex low pump-speeefa. a high percentage of the flow passes through both the prtmary 
blades 244 and the secondary blades 246, whereas, at high pump-speeds, only a much lower 
percentage of the flow passes through both the primary blades 244 and the secondary blades 
2AS, In that at high pump speeds, most of the flow passes straight Into the outlet scroll chamber 
247 without passing through the secondary blades. 

(0025J The effect is that the amount of coolant pumped per revolution of the blades is bobsted at 
low revolutions because then most of ih© flow passes through both sets of blades; whereas the 
amount of coolant pumped per revolution of the blades is redgced (i.e is not boosted so much) at 
high revolutions because then most of the flow by-passes the secondary blades. 

(002ej Fig 19 shovi« Another structure In which a vanes-orientation mechanism is mechanically 
coordinated with a radiator-port-olosing medianism. Rg 20 shows the same structure piclorially. 
peutiy in CFOss-sectlon. 

[0027] In Rg 19, coolant from tie automobile's radiator enters the pump chamber 254 via 
radlalor-pori 256. Located m the chamber is a slider 257. When the coolant is hot. the slider 257 
lies tov/ards the rightwards extreme, as shown in the lower half of Rg 19. 

(0028] The open Interior conduit 258 of the slider 257 has a radWIy-outwards-facIng opening 259. 
This opening 269 connecte with the radiator-port 266 when the slider 257 is to the right. Coolant 
enters the pumping chamber 254 from the radiator, and passes tb the pump impeller 260. 

[0020J Before reaching the blades of the pump impeller 260, the coolant from the radiator-port 
266 passes through the swirl-vanes 262. The swirl-vanes 262 Impose a bias to the flowing water, 
giving the coolant a rotary swirl motion. Depending upon the orientation of the swiri-vanes, this 
svirfrl mo«on can be in either the same rotational sense as the rotation of the Impeller, or the 
opposite sense. It will be Understood, from a penjsal of the flow vectors, that when the swlrl- 
vanes are orientated against the rotation of the ImpeUer. the volumetric flow-rale through tlie 
impeller ie boosted, whereas when the swirl-vanes are orientated with the rotation of the impeller, 
the volumetric flow-rate is reduced. The swiri-vanes are orientatable progressively, from a 
maximum flow-boost orientetion through a maximum flow-reduce (or minimum flow^boosQ 
orientation. 
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[0030] The awlrl-vanes 262 are mounted In a vane-mounting-structure, comprising a cage, which 
comprises an inner ring 284 and an outer rinfl 265. The two rings are fixed together, to fbnn the 
cage. The two rings define an annular passageway 267. The swlrl-vanes straddle the annular 
passag^ay 267. radially between the two rings 264,265. 

[0031] The rings 264,265 cany respective pivot bearings 268,269. in which the swlrt-vanos'2e2 
are rotatably mounted. The pivot pin 270 of «ie swirl-vane 262 has an tension 272, which 
extends through the bearing 269 in the outer ring 265, and a lever ann 273 is canled on the 
extension 272. The orientation of the swirt-vane 262 is adjusted by rnoving the lever ami 273. 

[0032] The cage 263 is carried In the fixed chamber 254. A peg (not shown) engages a socket in 
a shoulder 274 of the chamber, to constrain the cage 263 against rotation within the chamber. 

(0033J A spring (not shown) serves to urge the lever-arms 273 of the swiri-vanes 262 to the left. 
Noting the . direction of rotation of the pump ImpeBer 260, the designer ananges the apparatus so 
that the more the lever-arms 273 lie to the left (in Rg 19), the more the swIri-vanes 262 are 
orientated to the flow-reduclng condition. As the lever-amas 273 are moved to the right, the swirl- 
vanes 262 become more orientated towards the flow-boosting condition. The design of the lever 
wm and the slider geometry can be designed to suit the particular desired relationship of swlri- 
blas to slider motion. 

(0034] inside the pump chamber 254 is a thermostat unit 275. The unit 276 is conventional, in 
Itself, and Includes a bulb which expands as it heats, driving a stem 276 out of the casing 278. 
The casing 27B is a press fit inside the snder 257. (Again, it will be understood that a thermally- 
oontaolled movement^aduator other than a traditional «iemiostat may be provided, e.g an 
eleclrloal linear actuator coupled to a Ihenmal sensor, for the purpose of moving the slider. 

(0036] As the stem 276 moVes out of the casing 278, due to a rise in temperaJure of the coolant 
flowing over the casing 278. the casing, and the slider 257 to which It is attached, move to the 
right. The nose 279 of the slider 257 engages the lever-amns 273. whereby thermaliy-induced 
movement of the slider in the lefl-right sense moves the lever-amis 273. giving rise to a change In 
the orientation of the swirt-vahes. 



J. 0.3:3:0 .loe ..niijioiiis 

18 

[00361 A lost motion proArtslon may be inobrporaled into the Rg 19 design. The designer can 
provide a gap 281 between the nose 279 and the lever-annw 273. The larger the gap 281, the 
greater the lost motion, as the water warms, before the lever-arms 273 move. The lost motion 
provision oan be coordinated v/ilh the point at which the radiator-port 256 opens. 

[0037J Designs based on the Rg 19 Illustration can be highly suited to automotive use. The* 
pump unit is structured as a mechanloally-compact unit, which can be designed to be attached to 
the engine-block on a simple bolt-on basis. The unit is self-contained, In that It can bo assembled 
and tested, for most of its functions, while off the engine. In an alternative design, the pump unit 
is housed within tiie engine block, rather than in a separate bolt-on housing. 

[0038] It may especially be noted that the slider 257 and the Oage 283 are both accommodated 
Inside the smooth-bored interior of the pump chamber 254. Thus, for sen/icing, boOi the sHder 
and the cage can be simply slid out of the chamber, upon removal of the end-cover 277, and this 
oan be done Without removing the unit, and without disturbing the hose connections. As 
menlionGd. the cage is pegged against rotation relative to the chamber, and ft does not matter if 
the slider should tend to rotate. 

(0039] Other arrangements of the components may be engineered: for example, it may be • 
arranged that the cage slides with the slider, whereupon the lever arms may be caused to rotate 
by contacting the shoulder 274. The thermostat unit may be attached to the end cover, rather 
than to the slider; however, the designer should prefer an arrangement in which the temperature- 
sensing portion of the thermostat is actually immersed in the flowing coolant, 

[0040] Anotiier emnplo of a manner of coordinating coolant flows in the circulation circuit will 
now be described, referring to Figs 21 a,21 b,21 c. 

[0041] When the coolant is cold, In a traditional automotive coolant circulation system, the 
thermostat has prevented coolant from entering the radiator. When the coolant nears its nomial 
running temperature, the thermostat opens, only then admitting flow to the radiator. However, in 
tradrtional automotive systems, the cold coolant, though cut off from the radiator by the closed 
thermostat, still flows through the heater. 
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[00421 In traditionaJ heater circuits, all or part of the coolant flow that Is routed around the engine 
is also routed around the heater drouH- Some heater circuit Include a manually-operated valve, 
which shuts oil flow through the heater, effectively diverting a greater proporUon of the coolant 
flow through the engine by-pass or radiator circuit - he not through the heater - thus oontrolfing. 
the heat output of the heater. 

{0043] Often, when the vehicle is starting from cold, on a cold day, the driver turns the heater 
control to full heat if so, a significant portion of the coolant, as it flows around the engine, also 
flows through the heater, and this can delay warm-up of the coolant in the engine. Delayed 
warm-up is not preferred, not Just for the heater, but especially from the standpoint of engine 
wear. The time for warm-up can be improved if the heater Is kept out of circuit until the qoplant is 
at least partially warmed up. The driver cannot gain any benefit from the heater, anyway, until the 
cool£int has warmed up. 

10044] Cutting off flow to the heater when the coolant is very cold, In a traditional system, would 
seem to require a separate thermostat, because the temperature at which flow should be admitted 
to the heater is different from the temperature at which flow should be admitted to the radiator. 

. {0045] When the radiator thermostat, I.e the mechanisni for opening /closing the radiator port, is 
mechanically coordinated with the mechanism for changing the orientation of the swirl vanes, as 
described herein, it is recognised that it Is hardly any further complication to arrange for the 
mechanism also to open /close the heater port, and to do so at the required different temperature. 

[0046] Figs 2la.21 b,21o show how this may be done. Coolant from the heater enters via heater- 
port 283, and coolant from the radiator enters via radiator-port 284. The coolant is conveyed 
along the conduit 285 in the slider 286 to the swirl-vanes, which lie to the right, as in Fig 19. The 
slider 288 moves responsively to a temperature-sensitive actuator (not shown). 

[0047] ng 21a shows the situation when the coolant is very cold. Here, both the heater-port 283 
and the radlator^port 284 are closed, whereby the coolant only circulates around the engine. It wiH 
be understood that coolant must still be able to circulate around the engine, even when flow 
through the heater circuit Is closed: therefore, the heater by-pass conduit must have Its own 
entrance port into the pumping chamber, which must be separate from the heater-port 283 since 
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the heater-port 283 may be closed. The by-pass entranoe port is not shown in Rgs 21a»21b,21c. 

[0048] As the coolant starts to warm up, from very cold» tiie slider 286 moves to the right Now, 
although the radiator-port 284 remains closed, the heater-port 283 is open, and the partially 
warmed-up water can circulate round the heater, subject to the manual heater valves arid 
controls. 

[0049] Then, as tha coolant approaches warmed-up running temperature, the radiator-port 284 
also opens. Now, coolant can circulate through the heater (subject to the manual heater valves 
and controls) and around the radiator, 

[0050] As shown In Rg 21c, v^en the coolant is at the limit of maximum hotness, flow through 
the heater-port 283 is cut off, or is almost cut off. 

[0051] Whother the heater port remains partly open or is completely closed at very hot 
temperatures, the point is that the mechanism as described makes it an easy matter for \h& 
designer to choose the opening /closing sequences. The exact nature of the overlap or non- 
overlap of the heater and radiator ports makes little difference to the cost or complexity of the 
apparatus, giving the designer freedom to arrange overtap as may be desired. 

[0052] In Rgs 21a,21b,21c the slider 286 also operates ihe mechanism for orientating the swirl- 
vanes, and the designer should ensure the correct correspondence and overlap between the 
closing /opening of the ports and the orientation of the vanes, which will secure good efflolency of 
the engine under a wide range of operating conditions. But again, the designer is free to choose 
the exact sequence of closing /opening of the heater and radiator ports, and their inter- 
relationship with the orientation of the swirl-vanes, i.e is free to choose in the sense that, whatever 
the chosen sequence, it makes IttUe difference to the cost or complexity of the apparatus. 

[0053] The scope of the invention is defined by the accompan^ng claims. The manner In which 
tha features recited in the claims interact is shown in Fig 22. 



[0054] Some of the following variations in the system are also considered. For example, the 
coolant pump impeller (rotor) may be centrifugal (radial), or may be a propeller (axial). As 
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another ©xampte. the designer might prefer to provide a small supplementary pump! for the heater, 
lather than have the heater flow go through the main pump. 

[0055] Another variation In the system concerns the orlentatable swirl-vanes themselves. The 
designer must see to it that the swirl-vanes are able to be re-orientated, when that Is needed. In a 
feliable trouble-free manner, over a long sen/ice life. However, pivot connections and sliding 
Interfaces can lead to reliability problems. In an attemalive stmcture, the swiri-vanes flex, rather 
than pivot That is to say, the vanes are so structured as to bend, rather than pivot, in response 
to the themial signal. Although this alternative is more difficult to engineer, the resulting 
apparatus as a whole may be expected to be more reliable. 

{0056] The efflclency of the pump is measured as the product of the volumetric flow rate and the 
pressure of the pumped liquid, per watt of power needed to drive the pump. This efficiency of 
course is bound to vary, to an extent, with the degree of orientation of the swiri vanes* 

[0057J It Is recognised, however, that the efflclericy of the pump in fact does not go dbwn veiy 
much, as the swiri-vanes are re-orientated. It is recognised as a feature of the swiri-vane re- 
orientation system, as a structure for controlling flow rates through rotary pumps, that the 
efficiency (i.e the wattage from the motor or driver needed to produce a given pressurised flovi^ 
rate) varies relatively ilttte, over a wide range of flow rates, when compared to other flow control 
structures. 

[0058] It Is also recognised that the flow-rate produced by the pump, as measured in litres per 
minuto. Is controllable over a wide range of flow-rates, by controlling the orientation of the swiri- 
vanes. 

[0059] Traditional pumps have been subject to large changes in efficiency at the different flow- 
rates. The pump would be designed for good efficiency at a particular operational flow-rate, but 
tiie pump would be very Inefficient at other flow-rates. 

[0060] The changes in flow produced by the changes In orientation of the swiri-vanes can be 
done over a wide range, and without as significant a loss of efficiency over a wide range, as 
contrasted with other flow-control systems, for example the port-dosers. as described. 
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lOOei] It Is not e&sontlal, in the invention, that there be only one thermal sensor. When the 
thermal sensor takes the form ol a mechanical thermostat bulb unit, It can be ditflcult to 
coordinate more than one sensor; but when the thermal sensor provides an electronic signal, 
which Is fed onto the engine data bus, there Is little drfficutty in accommodating and coordlnaWng 
several sensors, If the designer so wishes. For example, in some Installations, tiie designer may 
prefer to have temperature sensors e.g In the coolant In the engine, in the radiator, In the heater. 
In the pump outlet, etc, and (especially) In the engine oil. Then, as engine operating conditions 
change, the orientations of the swirl-vanes may be coordinated in a more refined and 
sophisticated manner, aimed at optimising the operating temperature of tiie engine, and aimed «l 
reducing deviations from the optimum as quickly as possible. 

[0062] The bus data from tiie coolant temperature sensors can also be arranged to control the 
radiator fan. For example, the designer may set the system such that. If there is not much 
temperature drop through the radiator, the Ian may be switched on, or sped up. and coordinated 
witii the orientation of tiie swirl-vanes. 

[0063] As mentioned, the temperature sensor($) may be electronic, and provide slrnply a voltage; 
or simply a digital code, as its output, in that case, the output signal may be processed by ttie 
vehicle's computer, and the temperature data fed to tiie vehicle's data bus. The thermal control of 
the swirl vane orientation apparatus may then include a data-bus reader, and a transducer for 
converting the temperature data into mechanical movement 

[0064] The coolant temperature sensor can be indirect. The sensor might measure engine*oU 
temperature directly, for example, in fact, measuring the oil temperature can sometimes lead to 
greater efliciencies; some studies have indicated that controlling the oil temperature can give even 
greater improvements In efficiency than oohtrolling the coolant temperature - insofar as the two 
effects can be separated. H should be understood that a sensor that is so placed as to measure 
direotiy the engine-oil temperature, is still, for the purposes of the invention, a sensor for 
measuring the temperature of the engine coolant Similarly, ff the temperature sensor were to be 
so placed as to measure directiy the temperature of the metal of the engine block, that would still, 
for the purposes of the Invention, be a sensor for measuring the temperature of the engine 
coolant 
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[0065] One of the advantageous aspects of the swirl-vane technology Is the improved reoistance 
to cavitation in the pump Impeller, Cavitation arises when the pressure of the fluid actually in 
contact with the impeller blades is below the vapour pressure at a given temperature, whereby a 
cavity of vapour Is tonried. contiguous to the impeller blades. Cavitation not only spoils the 
efficiency of the pump, but can lead to vibration, erosion, and other pump problems. 

[0066] Cavitation in the blades of a pump, if it occurs, can cause a significant drop-off in tlie 
volumetric flowrate of the liquid passing through the pump. In an automotive cooling system, 
pushing back the onset of cavitation can be very important. 

[00671 It is of course well known that the onset of cavitation can be pushed back if the hydraulic 
pressure of the liquid is increased. But Increasing the pressure canles its own problems. It Is 
recognised that it is not necessarily the hydrostatic pressure In the whole system that determines 
the onset of cavitation, but rather ttie hydrodynamic pressure of the liquid as it actually passee 
through the impeller blades. Hydrodynamic pressure has direction, and It Is recognised that the 
swirl-vanes can be orientated so as to Increase or reduce the hydrodynamic pressure of the 
coolant, just as It passes through the impeller. 

[0068] Electrically-driven pumps go well with electronic data processing. The combination makes 
it simple to optimise the output of flie pump (for maximum flow-rate, or ma)dmum efficiency, etc. 
as conditions may require), over tiie speed range of tiie engine, and over the temperature and 
other operating ranges of the engine. As discussed, although it is easy to control the speed of an 
electric motor, and thus It is easy to tailor the pump output to system requirements, still, 
controlling pump output by controlling the orientation of the swirl-vanes In accordance v\nth 
temperature gives better results. By being able to tailor both the swirl-vanes orientation, and the 
pump speed, In accordance with temperature (and other parameters), engine coolant 
temperatures can be kept very close to optimum under almost all conditions. 

[0068] But even when tine coolant pump is mechanically driven, from the engine, deriving 
temperature sensor data electronically, from flie data bus, can give better results than using a 
mechanical thermostat unit. 



[0070] When the temperature sensor data is in the form of an electronic signal on the data bus, 



^^^ihon^ As<iui%h & CO 519^^^ 6095 P. 29 

24 

the designer may arrange for the swlrl-vanes to be orientated by means of a oomputer-controiiod 
stepper-motor, or servo, which again Is In keeping with the trend towands greater electronic 
control. 

[00711 When the temperature information Is In the form of an electronic signal on the data bus, 
the designer is able to also an-ange to coordinate the radiator cooling fan motor with the pump 
speed, in order to realise better overall efficiencies in the coolant system, Th© designer's overall 
aim (usually) Is to maintain optimal engine temperature, while expending a rhinfmum amount of 
energy to run the coolant system. 

[0072] Thus, when the degree of swirl-vane blessing Is controlled by the temperature of the 
coolant, as engine-monitoring becomes more sophisticated, so it becomes nriore possible for the 
volumetric flowrate produced by the coolant pump to be truly optimised to the thermal conditions. 

[0073] When the temperature sensor signals are eleotronio, generally there Is no mechanical 
connection between the structure of the temperature censor and the structure that moves the 
vanes. Flather, the signal controls a servo, and it is the servo that provides the rhechanloal drive 
to re-orientate the swirl-vanes. 

[0074] When the coolant pump is driven by an electric motor, it can be beneficial for the designer 
to specify that the motor run at constant speed. However, constant speed is not essential. There 
is a trend, in electric motors, to commutate electric motors electronically, not mechanically. The 
motor speed will be on the data bus, v^ereby it becomes a relatively simply matter to relate 
motor spe^d to coolant temperature, as well as to relate swirl-vane orientation to coolant 
temperatura 

[0075] In the traditional simple type of automotive thermostat, a desideratum has been that the 
thermostat should remain closed up to a temperature close to 195 deg-F, but beyond that the 
thermostat should suddenly go fully open. In practice, opening does not take place suddenly, 
once the set temperature Is reached; rather, a conventional simple tiiermostat might be set to 
start to open at a temperature of e,g 180 deg-F, and opening is not complete until about 
200 deg-R 
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[00761 Fig 23 is a graph shOMwng tho characteristic of the thermostat 23S. which Is of the typo 
known as a double-break thermostat. Here, the y^s represents the extension of the stem of the 
thermostat bulb unit, for the different temperatures as plotted on the x-axis. The stem starts to 
move at about 200 deg-F, and moves then at quite a high rate, whereby the stem has extended 
0.14 Inches at 209 deg-F. After tiiat, the stem .moves at the very slow rate of about 0.01 inch©® 
per tan degrees rise, whereby for the next 26 degrees, i.e up to 235 deg-F, the stem moves only a 
further 0.04 Inches, Beyond 235 deg-F. the stem moves at the rather greater rate of 0.05 inches 
per ten degrees rise. 



I0077J It Is recognised that the double-brealc fliermostat bulb unit is very well suited to the system 
. as deaedbed herein In relation to Fig 13 et seq, where the function conventionally performed by 
the engine radiator themiostat valve is performed by the swirl-vanes. The initial movement of the 
stem takes place relatively suddenly, and the riKwement of the stem is of sufficient maghHude as 
can easily be harnessed to nwve the swirl-vanes from the closed position to the position of 
minimum flovi^-boost After that, the change in the orientation of the swirl-vanes per degree of 
coolant temperature is very small, whereby the swirl-vanes remain more or less stationary In the 
minimum flow-boost orlentatiwi until the tempenature reaches about 235 deg-F. Beyond that the 
swirl-vanes start to change orientation at a more rapid rate, up to the maximum flow-boost 
position, which occurs at about 260 deg-F. 

[00781 Wrth a double-break thermostat, of course the designer can specify the change points to 
be at particular temperatures, as required, to suit the characteristics of particular engines. The 
benefrt of the double^break thermostat Is that It provides different rates of movement of the stem 
O.e rate, as measured in inches-per-degree) over different temperature ranges. Initially, the swiri- 
vanes move from closed to partway open very rapidly, just as the coolant reaches warmed-up 
temperature. If that initially-rapid rate of movement were to be repeated throughout the full 
temperature range of the thermostat, it would be hard to harness the movement for the purposes 
of controlling the orientation of the swirl-vanes. It is a simple matter to tailor the stem movement 
per degree, to be more or less exactly what Is required, i.e; rapid rate at first (to open th© radiator 
port just as the coolant goes from cold to warmed-up); then slow rate (to leave the swirl-vanes 
more or less unchanged as the coolant goes from just-warmed-up to hot); then rapid again, 
though not so rapid as Initially (to effect movement of the swirl-vanes. to give a laige flow boost, 
as «ie coolant goes from hot to very hot). 
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[00791 Thus, the double-break mechanical thermostat (known per se) Is of considerable beneffit 
when used In the kind of coolant pump as described, where the stem movement of just one 
fliem\o5tat is used both to effect the close/open movement of the radiatcr-port-^^loser, and to 
effect the progressive flow-control and flow-boost movement of the variable swirl-vanes. 

[0080] Similarly, in Installations where the temperature sensing is done with electronic sensors, 
and the movement of the radiator-port-closer and of the swirl-vanes is done by e.g computer- 
controlled stepper motors, it is a simple matter In that case,, too, for the designer to ensure that 
the movements of the components are co-ordinated in the most efficacious manner. 

[0081] Rg 24 Is a Table showing different modes of operation of the coolant circulation system, 
of a particular vehicle. In this vehicle, the coolant pump Is powered by a gear drive from the 
engine, and In which the same thermal actuator is u^ed to actuate both the radiator port closer 
and the swirt vanes. 

[0082] In the case of a parficular vehlcte, fully loaded, fravellirtg uphill, on. a hot day, the coolant 
flowrate might need to be. for example, 100 litres per minute. On the other hand, the same 
vehicle, cold day, downhill at the same speed, might need less than a tenth of that flowrate. It 
may be expected that the thermally-actuated swiri-van^, as described herein, when properly 
designed, can enable at least most of that difference to be achieved. However, when the swirl- 
vanes are compromised by combining the function also of opening/closing the radiator port, it 
may be expected that, while such very large differences in flowrate cannot be achieved, sllll the 
cost savings arising from the fewer components make the combined-action swirt-vanes 
wortliwhile. 

[0033] Ideally, the thermal-actuation of the swiri-vanes, as described herein can, at least 
noiionally, provide a coolant flowrate that, under ail operating conditions, is effective to keep 
engine temperature optimum, and to be so by providing just the flowrate required, without wasting 
excessive flowrates and pressures under some conditions. Combining the thermally-actuated 
radiator-port-closer with the thermally-actuated swlrt-vanes is a compromise, which makes the 
above ideal rather less obtainable, than when the two thermal actuators are separate and 
Independent; but on the other hand, using the same thermal actuator for both tasks gives a 
considerable cost saving, compared with using independent thermal actuators. 
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[0064] In other words, providing thermally-actuated swirl-vanes to adjust coolant flow enables 
large economies to be made overall to a vehicle's cooling system. This Is true, especially, when 
the radiator port is opened/closed by means of its ovm independent 'ttiermostat But combining 
the thermal-actuators is a direct cost saving, which at the same time enables at least a portion of 
those overall economies to be made. 



6093 P. 33 



28 

Claims 

Claim 1- A coolant pumping apparatus, wherein: 

[2] the apparatus is structured Tor pumping liquid coolant around the coolant circulation circuit 

of an engine and associated radiator; 
[3] the apparatus includes a fixed housing, having walls which define a pumping chamber; 
14] the apparatus Inciudes a pump impeller, having blades, and Includes a rotary-driver for 

rotating the Impeller; 

[5] the pump impeller lies inside the pumping chamber, and Is effective to pump coolant 
through the chamber; 

16] the walls of the pumping chamber include a radiator-port, for making coolant-conducting 

communication between the pumping-ohamber and the radiator; 
[7] the apparatus includes a radlator-port-closer; 

[8] the radiator-port-closer is mechanically movable In a port-closure mode of movement, 
being movement between a port-open position with respect to the said radiator- 
port and a port-closed position; 

[9] the apparatus includes a swirl-vane; 

[10] the swirl-vane is so arranged in relation to the impeller as to Impart a rotary swiri motion to 

the flow of coolant passing through the impeller; 
[11] the apparatus includes a vahe-mounting^structure, having a vane-orientation-guide; 
[12] the swIrl-vane Is mechanically movable in a vane-orlentation mode of movement, its 

movement cor^strained by the vane-orientation-guide. being movement between a 

llow-reducing onentation of ttie swlrl-vane relative to the blades of the rotary 

Impeller, and a flow-boosting orientation; 
[13] the apparatus includes a thermal-unit having a coolant-temperature sensor; 
[14] the thermal-unit Includes a fixed-element and a movable-element; 
[15] the movable-element Is movable relative to the fixed-element in response to changes in 

the coolant-temperature sensed by the sensor; 
[16] the apparatus inciudes a thermal-driven 

[17] the thermal-driver is a mechanically-unitary structure, which is so structured as to convert 
movement of the movable-element of the thermal-unit Into both movement of the 
radiator-port-closer in the port-closure mode, and movement of the swirl-vane in 
the vane-orientation mode. 
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Claim 2. Apparatus of claim 1 . wherein the thermal-driver Is so structured that: 

[2] the radlotor-port-oloser substantially cannot move, In the port-closure mode, other than in 

correspondence with movement of the thermal-driver; and 
[3] the swlrl-*vanes substantially cannot move. In the vane-orlentatlon mode, other than in 

correspondence vnth movement of the thermai-drfver* 

Claim 3« Apparatus of claim 1 , wherein: 

[2] the thermaWrlvisr Is so structured that movement of the thermal-driver, responsive to an 
increase In the coolant-temperature from cold to hot, is effective:- 

[3] - to move the radiator-port-closer, in the said port-closure mode, away from the radiator- 
port-closed position towards the radiator-port-open position; and also 

[4] - to move the swirl-vane, in the said vane-orientation mode, away from the flow-reducing 
orientation towards the fiow-boosting orientation. 

Claim 4. Apparatus of claim 1, wherein: 

[2] ' the thermal-driver has an overall range of movement from cold to hot; 

[3] the thermal-driver Is so structured that the movement of th6 radiator-port-closer, in the 
port-closure mode, towards the radiator-port-open positioni occurs as a radiator- 
poit-closer portion of the overall range of movement of the thermal-driver; 

[4] and the movement of the sv^nrl-vane, in the vane-orientation mode, towards the flow- 
boosting orientation, occurs as a vane-orlentation portion of the overall range of 
movement of the thermal-driver 

Claim 5. Apparatus of claim 1 , wherein the thermal-driver is so structured that 

[2J the radfator-port-closer portion of the overall range of movement of the thermal-driver 

occurs when the temperature of the coolant Is towards the cold end of the range; 
(3J the vane-orientation portion of the overall range of movement of the thermal-driver occurs 

when the temperature of the coolant is towards the hot end of the range. 

Claim 6. Apparatus of claim 1 , wherein tiie Uiermal-driver is so structured that: 

[2J there is no overlap between the radiator-port-closer portion of the overall range of 

movement of the thermal-driver and the vane-orientation portion; 
PJ In that the radiator-port-closer portion Is finished, the radiator-port being then open to full 
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flow of coolant therethrough, substantially before the vane«orienmticn portion 
commences. 

Claim 7« Apparatus of claim 1, wherein the thermal-driver is so structured that: 

[2] over a unlson-porlion of the overall range of movement of the thermal-driver, there Is 

overlap between the radiator-port-doser portion of the overall range of movement 

of the thermal-driver, and the vane-orientation portion; 
[3] in that, over the unison-portion, the thermal-driver constrains the $wirl-*vane and the 

radiator^port-closer to move together, in unison* 

Claim 8. Apparatus of claim 1, wherein the thermal -driver is so structured that, over a lost- 
motion portion of the overall range of movement of the thermal-driver, movement 
of the thermal-driver produces corresponding movement of one of either the 
radiator-port-closer or the swirl-vane, whife the other does not undergo 
conresponding movement 

Claim 9. Apparatus of cicdm 1, wherein the thermal-driver is so structured that 

[2] over a ooid-lost-motion portion of the overall range of movement of the thenmal-drlver, 

movement of the thenmal-driver produces corresponding movement of the radiator- 
port-closer In the port-closure mode» while the swirl-vane does not undergo 
corresponding movement in the vane-orientation mode: 
[3] over a hot-lost-motion portion of the overall range of movement of the thenmal-driver, 

movement of the thermal-driver produces corresponding movement of tlie swlri- 
vane In the vane-orientation mode, while the radtator-port-cioser does not undergo 
corresponding movement in the port-closure mode. 

Claim 10. Apparatus of claim 1. wherein the coolant-temperature-sensor of the thermal-unit 
includes two sensors, being a radiator-port-temperature-sensor and a swiri-vane- 
temporature-sensor, which are physically separate* and are so located as to 
measure coolant temperatures at different locations of the coolant circulation 
circuit 
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Claim 11, Apparatus of claim 1 , wherein the coolant-temperature-sensor of the thermal-unlt 
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measures temperatures at one location of the coolant circulation circuit 
Claim 12. Apparatus of claim 1 , wherein: 

[2] the apparatus is structured to be suftable for pumping liquid coolant around a coolant 

circulation circuit that also includes an associated heater: 
[3] the walls of the pumping chamber include a heater-port, for making coolant-conducting 

communication between the pumping-chamber and the heater; 
{4] the apparatus includes a heater-port-closer; 

[5] the heater-port-oloser is mechanically movable in a port-closure mode of movement, being 
movement between a port-open position with respect to the sard heater-port, and a 
port-closed position; 

[6] the apparatus Includes a heater-port-closer-linkage, which converts movement of the 

movable thermal-driver into corresponding movement, in the port-closure mode, of 
the heater«*port-closer. 

Claim 13. Apparatus of claim x, wherein: 

[2] the structural an^ngement of the radiator-pcrt-oloser-linkage, the heater-port-closer- 

linkage, and the vane-orientation-itnkage is such that> 
[3] - the heater-port-closer substantially cannot move, in the port-closure mode, other than in 

correspondence with movement of tiie thermal-driver; 
[4] - movement of tfie themnal-driver, responsive to changes in the coolant-temperature from 

cold to hot. is effective also to move the heater-port-closer, in the said port-closure 

mode, from the port-open position to the port-closed position. 



Claim 14. Apparatus of claim 1, wherein the thermal-driver oomprises a meohanical 

thermostat, having a temperature-sensitive bulb v\rfiich expands/contracts In 
accordanoe with the temperature of the coolant, and the movable-element 
comprises a movable stem of the thermostat. 

Claim 15. Apparatus of claim 1, wherein: 

[2] a rate of the themnostat is the movement of the stem, in length units, per degree change in 

temperature of coolant, and: 
(3] the thermostat has two different rates, being an initial-opening rate, and a warmed-up rate; 
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[4] the inhial-opening rate is the rate of movement of the stem that obtains upon the coolant 
reaching a warmed-up temperature* to move the radiator-port closer trom the 
closed to the open position; 

[5] the thermal-driver is a mechanically-unitary staicture, which is so structured as to convert 
movement of the movable-element of the thermal-unit into both movement of the 
radiator-port-closer in the port-closure mode, and movement of the swirl-vane in 
the vane^rientation mode. 

Claim 16. Apparatus of claim 15. wherein the warmed-up rale is in two parts, being a cooler 
part and a hotter part of the warmed-up temperature range, and the rate in the 
hotter part is greater than the rate In the cooler part 



Claim 17. Apparatus of claim 1, wherein: 

[2] the swirt-vanes are situated close to the Impeller, and upstream of the impeller; 

[3] the radiator port In the pump housing is situated upstream of the swirl-vanes; 

[4] coolant to be pumped is fed into the pump via an engine/heater port, whicli Is situated 

upstream of the swirl-vanes; 
[6] pumped coolant emerges from the pump via an englne-retum port, which Is situated 

downstream of the impeller. 



Claim 1 6. Apparatus of claim 1 » wherein: 

[2] the impeller has a set of primary blades and a set of secondary blades; 

[3] the Impeller is of so shaped and configured that coolant emerging from the primary blades 
has such direction and veiodty as to be partially deflected away from the 
entrances of the eecondairy blades; 

[4] whereby, when the Impeller is rotating at slow rotational speeds, a relatively large 

proportion of the flow emerging from tiie primary blades enters the secondary 
blades, but, when the impeller Is rotating at high speeds, only a relatively small 
proportjon of the flow emerging from the primary blades enters the secondary 
blades. 



Claim 19. Apparatus of claim 1, wherein the primary blades are predominantly axial and the 
secondary blades are predominantly radial. 
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Claim 20. Apparatus of claim 1 , wherein: 

12] the WQlle of the pumping chamber include a heater-port, through which coolant from the 
engine, . being coolant that has by-passed the radiator, can enter the pumping 
chamber; 

[3] the apparatus IncTudes a heater-port-closer, which is effective to close the heater-port In 
accordance responsively to the temperature of ttie coolant 
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Abstract 

An impeller pump with Ihemnostatically adjustable guide vanes is suitable for use as an 
automotive ooolant pump. The pump is driven by a constant speed electric motor, and flow 
varlaHon Is controlled by varying the orientation of the vanes. Orientation of the vanes is effected 
by a wax-type themnostat, whioh senses coolant temperature: flow is increased when the coolant 
Is hot, and decreased as the coolant cools. The variable guide vanes are mounted for pivoting 
about radial axes, and are located just upstream from the pump impeller. 
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Michigan. 48073-4088 USA 

8. 1 hereby declare that all statements made herein of my own knowledge are true, and that all statements 
made on information and belief are believed to be true: and further that these statements are made with the 
knowledge that willful fefse statements and the like so made are punishablejjy-finaor imprisonment or both 
under section 1001 of Title 18 of the United States Code, and that §^ wi|lf||il falsfi^tements may 
jeopardize the validity of the application or any patent issuing therefro/ 



Signature of inventor: ^H/^0i^ fx^^^^ Signature of inventor\ 

Walter Otto ReppJ©^ Johiy^^oGert Lewis Fulton 




thonv As.<i.uit.h & Co 



519 S09S P.4>0 




^^thonv f:)&«^uirh & Co 519 





FIG.3 



AsdU I 1 h 8c Co 



1> 




FIG.4 



x.rtonv AS.4Ul«h s Co S19 6893 P. 44 




FIG.5 



honv «s«iuirh 6 Co S19 ^Vee^^ 



8 




Speed 



FIG.11 



«henv As.<i.ui«h « Co S19 6093 P. 49 

±033CilllLCiB -±:S3€3lCll3a 



i 


r(Watts) 


itional P( 


Powei 


ilion 






to. 


o 
O 




1 




1 


1 




CM 



55 
LL 



oooooooooo 
ooooooooo 



(stt^M) 

JdMOcJ 



ntihon^ As<tu.i%h 8St Co 519^^6 6093 P. 52 




In^hon^ As<iulth S Co 




«honv ns'aui^h .a Co 




319 



6093 



P. ST 



To 



. t 

til ^^■a.-i-vW- : 



1 I 



6095 P-S8 




■chonv A&ctuith 8c Co 



519 6095 




^^hon^ As<iui«h 6 Co 5X9 ^^£093- P.ee 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ] . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



